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TEE ., DA B XA IFITE X, SR BCEF 12 (SO0 BRI 58 05 7% AR BN R L (N (B (P) BYSRINRE di A AT ), 2 57 e 3
M +6 PEFINE BEFR E IR RS WA TEFRL 597 m® K IT AT 0. 06 ~0. 14 m-d ™' JK I ISR 31 d, HFFR MR HE R G X 77
$EE K (NH, -N:535.4 ~591.09 mg-L™"', TN:682.09 ~766.96 mg-L~'  TP:57.73 ~82.29 mg-L ™'l COD:918.4 ~ 1940.43
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Nitrogen and Phosphorus Removal in Surface Flow Constructed Wetland Planted
with Myriophyllum elatinoides Treatlng Swine Wastewater-i 1n Subtroplcal Central

Ch]na J Y [ 4 A

WANG Li-sha"® J LLXi'* ZHANQ Man-yi', WU Jin-shott § | 9
(1. Key Laboratory of Agro ecologlcal Pr0(ess'e% in Subtroplca-l Regions,

LI Yu- yuan P, J
Institute’ of4Subtropical Agriculture, Chinese. Academy of
Changsha 410125, China; 2. Unlvers.lty of Chjnese Academy of Sciendes, ;ﬁ;ijing 100049 , China)

Abstracty: The loss ofsnitrogen (N) and phosphorus! (P) from aquaculture has caused “eutrophication| of freshwater systems.

Sciences |

Here,

surface ﬂo.w constructed wetland (SFCW) planted with Myrwphjllum elatinoides were used to treat swine wastewater from a medium-
sized hoggery in %ubtroplcal Central China. _Inflow concentratwns of NH, -N, TN, TP, and COD ranged from 535.4 to 591.09,

682.109 to! 766. 96, 57.73 to 82.29, and 918.4 to 1 940 43 mg-L~", respectively. The mean removal efficiencies of NH, -N, TN,
TP, and! COD were 97.4%, 97. 1%, 91. 0%, and 90.2%, respectively, and CW1 had the largest contributions of 37.3%, 38.4%,
43.3%, and 27. 4%, respectively. Plant N and P uptake ranged 23. 87-79. 96 g-m > and 5. 34-18. 98 g-m ™, accounting for 19. 1%
and 20.2% of removal, respectively. Sediment N and P accumulation ranged 19.17-56.62 g-m~> and 10.59-26.62 g-m~?,
accounting for 19. 8% and 61.7% of removal, respectively. Multiple linear regression showed that environmental factors explained
79.9% of the N removal and 70. 1% of the P removal; DO was the main factor affecting N removal, and sediment adsorption was the
key process in P removal. These results show that M. elatinoides constructed wetland can efficiently treat swine wastewater, thereby
reduce the discharge of pollutants downstream.

Key words:swine wastewater; plant uptake; sediment accumulation; N and P mass balance; ecological management
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Pincam %5 76 7 X (78 [ 3535 ) PO A
( Typha angustifolia) ¥4 B 7K V- It 160 b Ah A ¢ 77
Sk, 7K COD  NH, -NAI TP ¥k 5 B g F %, &
R BRIk 829% ., 99% Fl 80%, Hi Wy e Wi 5 JE L N P
FBRAY 20. 7% 1 16. 4% . R, HY) & e N
P RBRAYCHE , B P55 3 1AL R S AT TR
MBI ER B EE AL B RS, 2RO Y A
B, AT A A 5t LA S R R .

LRIV 3 ( Myriophyllum elatinoides ) 3&—Fh Z24F
APUK BT K EARKY) , % NP B B5R A 52
M, VR N SRR AR B e i 4 0 R
PEAE A L DX ] IE B R AL AR AR R RS 1S
~2.5 t-hm °. GNR B R —FhE AR = P A&
YR RIS, HE R b TR SRR AL )
JCER, Al AE bR T & & AR 2E AT kR T R A
A FEEAE I, A SR T b A P R
PR AR S R BIF A | A SO o B A1 (0
BP0 i 0 S 0 0 K B A BRI, A 45
ey F2 BRI R A | LA R ST e 10 L 2 53
BT R AR AR PR AR A TR | Y

1 s EE ] /L '- ’/
1.1 E)}?EIX*F;ER; ‘

[SER D T KU S OF BURHE N
(28%35'25'N J13°17[35"E) N A g0

M 2 AV X A 0 17, 5°C, TR 91 275,
REFiEL 200 ~ 1500 mm. %X F2 580 i s & A, %
DAAR P2 8% A/ N ASE (A2 < 1000k ) F58 0 &,
2015 A PR EIE BN, I FRE PR BN

F1 P8 62%, Horfr 120 3k DA _E 59/ NI 3258 45
100 A4 X3k P b Fe KI5 Y o ™ 5, 42 4F TN TP
J VR V2K S B 80% LA I, 3 & 2 (f
BRI B UK IS Y i F BRI, Sk R NP
Tar Y 42. 2% F162% .
1.2 SR

M Hh R Gk R BE L B2, 2P 3 ik T4 25°
(3 | b B AL 55 45 3 (1 200 ~ 1 500 3k 47
) HERR K , H ¥ hbHE 27 m®. $g KK i PVC
EHEA R E L, B8 6 PR Hh, 2 FHE
AT IE 5. SR R KRS + o 365, + 59 21k 1 ok
pH6.3, AHL 18.7 g-kg ', A 1.4 g-kg™', &
B 0.43 g-kg ™' FETUMAE 4 A —IRAERE
FEE A 10 ~ 15 kg-m 7 ; BT AGAN SRR %, FH B
B3 ~5 kgem T RGE5E A 1 MY 78 229K B K
PR3, 3 5 % TR T 2015 4RI d,
10 i35 17,2086 4F 11 B3z 4T, Wit 2 500
L3 FEAREE S IRPRINE D 4
1.3.1 FEiRE 4 )

2017 4 4 ST 59 Rk R LR A
Jett—x IR 3 EE.

1.3.2 A g Y

NH,"-NHI NO; -N I} AA3 F31 4B ( Fia-star
5000, Foss Tecator, Sweden) il & ; TN & A8 {41
TRPRHIH A2 5 TP R i SRR A 2 5 COD
R AR RPN A 5 DN Jr vk 2 Ok 12]. R
H Hydrolab 220K 543 Hr AL ( DS5X) Bzl i i
fF(DO) AALIEJEHLAL (Eh) \pH FRREE(T).

A

®1 FMEREHTIESH

Table 1 ~ Engineering parameters of M. elatinoides constructed wetlands
Wi SH CW1 CW2 CwW3 CW4 CW5 CW6
T/ m? 194 194 183 270 319 437
A BOKIE/m 0.4 0.4 0.4 0.6 0.6 0.6
KF i /med ! 0.14 0.14 0.14 0.1 0.08 0.06
IR S5 R it i)/ d 2.9 2.9 2.7 6 7.1 9.7

1)CW1,CW2 ,CW3 ,CW4 CW5 Fil CW6 43 3R —% "9 . =2 IUgL KA GAR M, T [F

1.3.3  fHPFE

HEWIRET 0.5 m x0. 5 m FETPIRE KB R IFHY
FERE, 8 PR G T 105°C L4 1 R & 30 min, A5 T
80°C Lz fH . ZEpFEE L7 (60 H ), MIEFEY N,
P Frim , e 7 v R R BRI DR /K7, TN SR AA3 i
AT, TP RSN kT (UV2300) .
1.3.4  JEIBFENE

PR 22 R RAE 0 ~20 em FUSIRTREE. B
SR A JE R R o WAy, — £ I NH,-N A

NO; -N, HBRERH1 B A R AA3; 55— KT R
R, it 100 G, P05 TN R TP, TN SRR AUCH
SPHTIX, TP A R
L4 Biiit s 5o
141 KEHEAR
TSR AE M, () S () 2R
M, () AR R (%) WA,
M, =¢, xQ;xD (1)
M2=cninxD (2>



3 M TS WA e X SRR B T IR M BS54 MK U < 1) 1435
M, =M, - M 3 o
oo x o M=o I B4 o] (9)
R = (¢, —¢,)/c; x 100% (4) al + el -

Ko, A i HHEKWEE (mg-L7") ¢, Wi A
WKW (mg-17"),Q, N HEG KA R (),
D RS (d).

BALTTRIFL NP 22 E Q, (g-m ™) BT AR

(5)

A VRBHIA R (m?) 0 KIS ERIE (d),
& FHRFEIREL (mege171) e, Ay HRFHyik B
(mg-L™"), S HIBHARLHR (m?).
1.4.2 HPFEETE AR

Y N, PFUEREPA (g-m ) IHEAKX,

PA = (PB, x PC,) (6)

X, PB, NS i MY TEAEY R (gom™?),PC,
N AP N, P& (gokg™).
1.4.3 JRRFETE A
0~20 em JIEVE N, P IRICHE O, (gem ™) 51

YNV
A lp, xVxP/S | | By g

S S8 100 M
A, p, ﬁii%%?%?-i (grem ™), VN O"L"ZQ ¢m _j;%
AR () PR EHEN | P&t (k). ;
1/4.4 NP FLFREGTTRER [ ¥ 5 ‘

gk 3 R T 1 43 17, _
R4 NP BRI VR NP I pH DO Eh KR
(T) 37 AT, FIE TR 7% NP 220 ek
F AT RIGT VIF REGHETT N [a) He 2 A 55, it
HZR R B (T =999 ) K 5645 7% NP R
A BEN(P <0.05). ZITEHp SRR
BERKTE S TE R BT lm PRECHT permutest PREL
thoE . Z T BT A STER R A

Q, =7V><D><(Ei—&u)/5

s Wi

Py, 2 NP EBRF X, X, H X R AT
ab.c A ENE R B, n 9 7 X NP2 BR Y 5T

2 HREH

2.1 AHYIBCRRE
2.1.1 HREEAY R

AL FITE 8.47 ~17.73 kg-m > Z |H]
(E1) , RIA T -BEAR-TH s - R ) AR {5 6 |
9O 10 AAEYEEES T 4,8 M 11 H (P <
0.05); ] I, RN CW4 B¢ CW6 A9 i i
#, CW1 B CW2 e fif, BB RE AW i 2 a2 5%
ANEFE(P >0.05).

2 —a—CWI —e— CW2 —A— CW3
—¥—CW4 —&— CW5 —4— CW6
w16
E
=17}
=
=
=
2t
8
B1 #IEREME
Fig. 1 Biomass of M. elatinoides
2.1.2 ZIUE#E N P &AL

N.P &AM Fl Ry 23.37 ~72.38 g-kg ™'
5.95 ~19.52 g-kg ™' (2 FIF23) , BRI F 8 R 5
IR-F i -BEAR-TH & i #a #4, LL CW fie i, CW5 8§
CW6 e fik. N P i 11 A, 5 H Ak, Wi 2 [
ZRWE(P<0.01), REH N P Fadiss xR

Y. = aX,, + bX,; + X, -~ 8
i li 2i 3i ( ) 7J<EF‘<P<O 05)
x2 BIMEETINEGED /g-kg!
Table 2 TN content of M. elatinoides/g-kg ™!

Wi TN

4 5 61 71 8 A 94 10 A 11 A HE
CW1 58.29+0.49a 50.9+0.62a 58.26 £1.04a 63.13 £3.39a 66.34+1.09a 52.15+1.11a 63.25+2.84a 72.38 £3.65a 60.59 =1.78a
Ccw2 42.4+0.43b 41.58 £0.22b  56.29 +2.7a  53.52 £1.26b 49.26 +2.19b 50.12+2.1a 53.36 +1. 1lbc 65.25 £1.89b  51.47 =1.49b
CW3 37.87 +0.44c 30.41 +0.19¢ 52.95+1.4b 51.52+1.22b 50.12+1.17b 50.38 £0.89a 55.96 +1.33b 59.55+2.04c 48.59 £1.09¢
CwW4 32.46+£0.6d 28.52+0.59d 37.94 £1.66c 42.32+£1.29¢ 40.35+1.05¢ 44.26+1.04b 49.25+2.15¢ 48.99 £2.27d 40.51 £1.33d
CW5 25.88+1.76f 28.26+0.3d  25.09 +1.48e 34.84 £0.7d 40.56 +1.56c 42.15+1.51b 44.69 +1.05d 46.94 £1.22d 36.05 £ 1.33e
CW6 29.14 +0.58¢ 23.37 +0.36e 34.75+1.69d 40.76 £0.41lc 39.56 +2.35¢ 44.57 +1.66b 45.57+1.17d 48.96 £2.08d  38.3 £1.29de

D) B P = AREZE (n =3) 5 RSIARE AR PR F R G 2R 3% (P <0.05) , N

2.1.3 YRR # N PR EZL

N P PR G 8 fL R 23.87 ~79.96 gom °
F15.34 ~18.98 g-m > (£ 4 F1£5) 4 ~6 H58~10
A NP HREFEWIESR (P <0.05),N P R4

HEA%, 10 H & &, 11 A #A TR CWL, CW2
CW3IH N BEEZRFALRE(P>0.05),HFmT
CW4 .CW5 1 CW6(P <0.05). &5l P FLEFAF
BEKF-(P>0.05) [HAAEFA] .
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x3 FIMERTP Z=/g-kg ™!
Table 3 TP content of M. elatinoides/g-kg ™'
WiH L -
4 A 5H 6 7 H 8 A 9 A 10 11 H H1H
CW1 7.81£0.00b 6.8420.11d 10.45+0.04d 12.34£0.05b 11.56£0.29b 12.55£0.11d 15.74 0. 14d 19.52+0.16b 12.23 £0. 15a
cwW2 8.15+0.12a 8.0%0.1a 11.88+0.11a 13.15£0.03a 11.65%0.19a 13.69+0.14a 14.36+0.17a 14.36£0.13a 10.66 +0. 13a
CW3 7.45+0.17c  7.75+0.09h 11.56+0.2b 12.36+0.04b 14.14+0.27c 13.02+0.20h 18.29+0.22b 18.54+£0.05b 13.26 +0. 16a
CW4 7.24+0.05d  7.25+0.14c 10.28+0.15d 11.91£0.07c 11.39£0.35d 12.22+0.18c 15.98 +0.15d 16.66+0.07c 10.62 +0.17b
CW5 6.94:0.05¢ 6.87+0.1d  10.89+0.05¢ 10.220.22d 11.58 £0.2le 10.96 +0.17d 11.4520.13c 11.15£0.21d  9.64 £0. [6hc
CW6 6.87£0.09 5.95%0.09¢ 9.66+0.17e 9.780.02¢ 9.13%0.16e 8.39+0.11e 9.830.19¢ 10.510.12¢  8.39 +0. 12c
x4 SIMEETINHRE/gom?
Table 4 TN accumulation of M. elatinoides/g-m >
i =
4 A 54 6 7H 8 A 9 H 10 A 1A
CWI  39.82+0.33a 54.89+0.66a 71.43+1.23a 70.49 +4.22a 63.34+1.09a 64.15=1.11b 77.25+2.84a 71.38 £3.65a
CW2  33.2420.33b 54.95x0.29a 66.01 £3.17b 64.48 £1.52b 57.26+2.19b 62.122.1b  65.36 1. 11b  63.25 +1.89c
CW3  34.11+0.4b 44.66+0.28b 69.64 +1.87ab 68.38 +4.28b 54.12+1.17h 71.38+0.8%a 79.96+1.33a  69.55 +2. 04h
CW4  28.46+0.52c 41.99+0.86c 62.7+2.74c  56.9+1.74c 41.35+1.05d 55.26 +1.04c 61.25+2. 15¢c 48.99 +2:27d
CW5  24.8x1.69d 35.46+0.58d 40.34£2.38¢ 41.98+0.84d 48.56£1.56c 43.15+1-51e 45.69 £ 1.05¢ .-214-:‘%? 1722d
CW6 23.87+0.47d 41.47+0.63c 51.48+2.5d  52.36+0.52c 47.56 +2.35c (50.57 =1.66d 51.57 +1.17d _44796'+2. 08d
*5 BMEETP RER/gm? | ' ; 7
Table 5 TR accumulation of M. elatinoides/ g.-mll2 I "'
i i T "o }/ = £
4 A 54 6 i Lo 8 H | » 9 H'% L 10A 114,
CWIT 5.34£0/06c |7.37+0.12¢c  12.8+0.15bc/ 45,34 +0. 16b 13.56 +0.20a /14.25 +0.il4ab.417.24 £0. 12b  15.75 +0. 33}_.~
aW2 '6.39,5007b 10.58 £0.13b 13,93 20, 3 A5 84+0.14b 12.22 20,201 14.89 £0. 55 118,98 £1. 11 /T6:4750. 364
CW3 | 6.71+0:16a 11.38 0. 13a 15.21£0.26a'  16.4%0.16a 13.58 0. 17a 415.21 +0.28a  17.89 +0.56b  13:22 03¢
CW4 | 6.35£0.05h- 10.68 0. 16b 11.99/+0.25c  44/01 +0:1c  12.550{35k* 14. 12 £0.34b  14.320.25¢ 12,410,484
€W5 46,65 +0.09a, 10.35+0.19b 12/5140/08bd 12/31£0,27d 12.22 +0.35b" 13,25 +0.35c  14.36£0.36c  11.16 +0. 26e
CW6  5163+0.07¢ 10,55 +0.16b 10031 £0.25d 11,66 +0.02¢] 11.35+0.24c 12.3340.11d 42.56+0.14d  9.29 +0. 14f
o 3 I y A

2.2 e MR
2.2.17 R N P &Rk

JRUENH, -N TN F1 TP 5 &2t i (8] b 3% 3 8 i,
CW1 34 fm & i K (217.11, 3518.67 1 1431.26
mg-kg ') 5 ZS[E] AL, NH, -NFIT TN 76 CW1 5%
R A K (327.01 mg-kg ™' A1 1717. 54 mg-kg™'), TP
TE CWA4 BhIH R K (596. 6 mg-kg ™) , 430 ik 186 o i
HH47. 4% 65. 4% F137.6% (€12). NO; -N & htfl
AR AT, RG] 22 A 5 (P >0. 05).
2.2.2 JEIEN.PHEEDL

JEJENH, -N NO; -N TN #1 TP F 243 5| 7E
0.33~7.11,0.1~0.34_19. 17 ~56. 62 F110. 59 ~
26.62 g-m >Z[A]( K] 3). NH, -NAI TN F 25 B}
] BT, cW1 R & W T HAL RS, HAth R 58
] ik 3] 2 2 K- (P <0.05) ; NO; -N Al TP Fifi it
[ 2218 1 Ft H R GlR) 22 %AW (P >0.05).

2.3 V5 RBRAUR
2.3.1 53k ARk

YR M K NH, -N TN TP 1 COD ¥ J 6 2% [
KK 4) , XFNH, -N TN F1 TP (255500 S H i,

8 A Ak, % cOD W%k 6 A ficim. 15 U35 %
%8 97.4%, 97. 1%, 91. 0% 1 90. 2%, ¥4 i}
JKHEFE N 14.45 21,75, 6.23 F1148.06 mg-L™";
NH, -NF TN 7K AT 35 3% [ s /K b 3 ) ¥ G
YrHE R bR #EY (GB 18918-2002) — 2% 5 i, TP #il
COD /K AT 3K [ 58 & 8 F2 58 15 e Py HE bR 1)
(GB 18596-2001). CW1 XI5 YL ¥ F= Bi 20 1 fc b
NH, -N.TN TP Fl COD F ¥ 2= [k K Ky 36.4%,
37.3%. 39.4% F1 24.9%, i & L BEFEMN 37.3%,
38. 4%, 43.3% F127. 4% ; HkIE W2, 1 Bk
RN 15.7%., 17.9%., 23.2% F122. 3%, Pi & 1K
W B 1 I 2 v TR L K (P < 0. 05).
2.3.2 KA
IREREE AR LR AE WL 5. DO A Eh A9 738 1L
JEFITE 1. 14 ~4.52 mg-L™"Hl =2.72 ~55.7 mV Z
[i) , 98 5 3] b Ao 30 b (%) 388 A0 T 185 0, pHL R T Bt
S Hh 1) B4 2848 B AIK, pH AR FBYE Bk 6. 52 ~
7.33,10H T AR MEESIN, FEH K T 2 AE 2°C, &R
Sila] Eh 25 5.3 (P <0.05),pH DO Fl T 22534
B (P >0.05).
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233, NP £H$?ﬁﬂﬂlﬁ?%$ﬁ o
ﬁﬂ&ﬂ’]l%ﬁ’i?‘? N £ 79.9%, P £
%E’Jm 1% (K 6).DO(21. 18% ) &XF N 4 B
F KM HROEAE Y & (16.67% ) Y N 1)
Wit (12.01% ) . T (9.85% ) FIE IR N W fff 2
(9.12% ) ,IXEEP X N Z2 B3 1 52 i ik 3] 5 25 7K 5F-
(P<0.05); XF P RBRFAH W EAKF(P<0.05)
G PR T PR A (21.35% ) (A
(12.7%) . ¥ P W Y & (12.64% ) Fl pH
(10.24% ).

I cw Il cw: Il cws a
N cw4 R cws [l cwe ,

4200
2 800

1 400

e

!, ——

If';‘ -
»Hff’f/234 15 YL W) A

{EHs TN, TP, NH, -N F1 COD % & 4 % N
9.92.0.94, 7.57 F118.22 g+ (m’-d) ", £EH K
1K 97. 1%, 91. 6%, 97. 4% F189. 9% (F 6) . MWK
W N, P B N 1.8 g-(m*-d)”" FI 0.19
g+ (m’+d) 7", A N EBREA 19. 1% 1 20. 2%, KR
W Bt N, P B N 1.96 g-(m’-d)”" Al 0.58
g+ (m’+d) 7', i TP RBR AR 19. 8% Fl 61. 7%, fH
Py NP 25 B 1Y 57 Bk 22 S5 AN K, (EL I U I f
TP B STRR U S 5 X5 TN 2B A9 STk

Ro6 SEURETFE

Table 6  Contaminant mass balance

- WA i Wt Wank R N REWREHE ik HiAls
/kg /kg /g-(m?-d) ! /% /g-(m-d) "' /% Jge(mPed) T /% /%
TN 3917.5 114. 86 9.92 97.1 1.89 19.1 1.96 19. 8 61.1
TP 391.12 32.87 0.94 91.6 0.19 20.2 0.58 61.7 18. 1
NH[ -N 2978.09 76.31 7.57 97.4 — — — — —
COD 7766. 69 781.75 18.22 89.9 — — — — —

3 Wi V5L BT 5A 90% L b, K T R %

3.1 ISR R BREICR KoK N 5B

R I P X R 4 R K AT AR B3 BEASCR

& B IR 15 K HEObR HE (GB 18596-2001 ) . 15 1 &
hELBEE T EZE (K 4),Barca %" I H)IE
5 YLt 2B R AR R 2 Wi s in | B 2R A AL, Bk
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i3 %njﬂ/%wzi%éﬂzi&(ﬁ P, AR 2 iR /ﬁ
HxT NP 1 £ KRN TR IR (£ 6). B
M N 25 Bk B KK B 02 DO (21.18%, P =
0.01) , H¥R R IK IR (9. 85%, P =0.03). 7 W55 W,
15 DO MR B T s K A A W B AR K AR A, S AE
i, JF BN RS I 45 F (DO < 1.5 mg-L™" i,
WYALRERRSZ M) Vo7 AT I DO e 3 Vi Bl 7
1.12 ~4.66 mg-L™" RIIRSHEH N fisfbit bz 2
B4R, N MR EERE DO (3 INTFEAR (&1 4 ~5) 5 KR AT
SEM A P A R RN AT | S i Ak S il Ak
JKHRN 25 ~35°CH 15 ~30°C ") AR /KIRAE 15
~28CZII (K 5) , AED A KR LS. pH XT
TEHb TP B9 BR ok % K 10.24% (P =0.01) ,pH F+
1o, S HG N  BESRTH AT AR B H A 3 A PR
> P RS AR S T IR R S pH (E
Y Bt AR S  b  1G I T ARG, SRR TP (1% W B Al
Rl AR (& 3 FIIELS).
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MEHAEYIFE N P 2 BRJ7 40 A 2 R R E 1
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fﬁﬁ%ﬁ*‘“%?ﬁﬁk R W AN IR S T E I AR K
PR AL TR U 0 4R < 0 , lamchaturapatr ‘;ﬁf[n] ) AT 3%
%‘%HME%MMT NP 2 B 5 50 AR E 4
46% ~53% F 24% ~ 32% . i T-¥ it T. 25 A B Ay
AN INZ AT A B 1 A ek 22 53 A% NP
FEEBTIERA R —EL. Pincam %[7] BB 58 A N 7 T
X N P LRI 99% F 80%, HIMIWE I 5 15 b
N P 20819 20. 7% F1 16. 4% ; Tl 252 (#sg
INHSNRE MEAAR R A AT NP I i
}18. 7% F112. 1% 5 Gaballah 25" FHFSE & BAEY)
BSOS N P EBRI DTk — AL 10% . AW
FEREPI M N P FBRIY 19. 1% F1120. 2%, 1] g5
SRR AR R 56, Liu 5 HF s til
TEHLXT N (P (Y L BRASCR5 YR A ) e 0 3 G Al
YA o N P IRCRE 1 Bk, N P A S BRASR
FA . E AR NP 2SR B S AN B
PEARIUAE N P W, BE7E T4 R 0 S8R B e
Yy KRR IR 3 3 NP S 5 Y H Atk A2 o)
N P LBRE S IHMNEER 61. 1% Fl 18. 1% (&
6) , kPl g S 41 A 6.
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HIA W N P B A ﬁwﬁrﬁ 0 328 3 B D 135 5 99 1 S B0, N, NS 1

a8 RS S TR N P BB 7 AR LB
BRI GBI, 2 20 2 5 AR, A& =% 4 )
Tty ERTHEERY B 580 & B i X E) R G
Ex HEMYIBGR N P 8L F A2, X 5 A58

ERARI(ER A RS Y N PR EESEY &
FUN P i O, H R i 2 PR i AR R 0 8P E
KA BRI DO YR, K DO ¥ B ] 18 25410 il
IKAAEP B AR bR, K B A 5 Al
X N P18 I AT R B R G, I LA I B8 1 2 14
T (15 ~25°C) WU el ). AR, B8
XY N P & RS2 /N N (P 3 [l I [R] 22
PRI (2 3K 3) (HIREINR SN =, 23
AR ZI, I EAR A, AW B E KT E S
(P<0.05) (K1), A FZIMER NP HERE
K.
3.2.2 IR

J e A N T3 b T B 9 A 43, S AE Y

A 0 A= K SR B T HLAT B NP, 2
1 N P LB E B2 R N 1Y

HL VR SO TR R R L 5| 71T, B B IR
BT R B 0N 5 B 1 T S5 U N BH S - sS kiR
P SRR H B R IRXT P AR B P R
FERAR H U] A PO MR R L i
AR R IR 5 5 H R i ALY Fe’* Al Ca®”
S5 IS AN 5 PR LT | BB AR 12 AN T 35 I
ZNI= R o N i R NI e jﬂa“:fﬁﬁ
Gaballah %' ¢ L ASFE + W& AR A B L%

N. P AW B8 77 ik 2 B0, TR A R A IR B jﬂfﬁ?
BB [ g (m?-d) '] g, 1.42 F10.13,
1.7 F10.14 5 1.1 #10. 1. He 2™ y0F 58 &30, ¥
AHEE KRR N, P AW & ik 1. 84
g-(m’-d) 7'F10.23 g- (m’-d) ~' ARSI XS
N, P AW Bff 48 KA 1.96 g+ (m*-d) ~' Al 0.58
g+ (m®-d) =", A AT BE SR AR 2 50 Ak B 0 55 K
KN, P i, HIg e f gz i 1 a, TR
N P IR AE SRR O A B R AR IS AE.
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Fig. 6 Contribution rate of individual environmental factors to N and P removal
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